Recent advances in grazing incidence X-ray optics using synchrotron radiation sources have stimulated the need for basic research in high quality mirror materials for novel applications.
Introduction
Speculum metal is a binary alloy of Copper and tin in the proportion of about 2:1, whose antiquity dates backs to Bronze Age [1] . It is used as a optical material from the time of Isaac Newton in 17th century and continuing up to early decades of 20th century in mirrors, gratings, large reflecting telescopes and other optical precession instruments [2] . Speculum metal finds excellent applications in diverse fields of science and technology apart from its archaeometallurgical importance. It has several engineering applications in various fields such as slit material in transmission electron microscopy, alternative to nickel undercoating for gold or chromium electroplating, anode material for lithium-ion batteries, etc. [3] [4] . Speculum metal was part of modern scientific observations and discoveries covering different areas including experimental astronomy, optical and nuclear instrumentation, spectroscopic and other studies in modern physics. Materials science properties [5] and hard X-ray reflectivity of speculum metal mirrors are recently reported [6] .
Recent advances in grazing incidence reflecting optics has transformed the field of observational X-ray astronomy into a major scientific discipline in astrophysics and cosmology. Space astronomy has revolutionized our view of the invisible universe in wave bands that shed light upon dark energy and dark matter. This development has been triggered by the availability of high-brilliance synchrotron radiation sources that stimulated the stimulated the need for basic research in high quality optically active mirror materials for novel applications [8] [9] [10] [11] . Thus, we have studied the grazing incidence X-ray reflectivity of speculum metal by using microprobe X-Ray Fluorescence beamline of synchrotron radiation source-Indus 2. Variations in the reflectivity of cast, thin film and electron irradiated samples of speculum metal are also discussed as functions of grazing angles of incidence at different photon energies of 8 keV, 17.5 keV and 20 keV.
Materials and methods
Experimental investigations are carried out by using a highly reflecting speculum metal mirror, cast and polished using traditional techniques from Aranmula, a village in Kerala, Southern
India. There exist literary articles that describe its metallurgical and technical aspects of casting and polishing methods [12] [13] [14] . The purchased mirror (Aditi Handicrafts Centre, Aranmula)
with an aperture of 0.05m, separated from the brass base is cleaned and sectioned into number of fragments of different dimensions using diamond cutter, which are used for experimental characterization. Speculum thin films were prepared on glass substrate by the method of 
Results and discussion
Experiments related to X-ray optics carried out by A. H. Compton and his collaborators during 1923 -1927, led to the Nobel Prize winning discovery of Compton Effect [17] [18] [19] . Based on the critical analyses of these experimental investigation results, we could infer a unique X-ray reflection property of speculum metal that provided us the evidence for its reflectivity in the hard X-ray region. Reflection on speculum metal using Cu Kα and Mo Kα X-rays with energy 8 keV and 17 keV are shown in Fig. 3 . In connection with this, the X-ray reflectivity of cast, thin film and electron irradiated samples of speculum metal were studied experimentally as a function of grazing angle of incidence ranging from 0 -2 ° with a step size of 0.01• at three different photon energies of 8 keV, 17.5 keV and 20 keV using the BL-16 beamline of the National synchrotron radiation light source Indus 2 at RRCAT, Indore. 
Conclusions

